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SURCHARCES

SURCHARGE  LOADS

A surcharge load is any load which is inposed upon the surface of the
soil close enough to the excavation to cause a |ateral pressure to
act on the systemin addition to the basic earth pressure. G oundwater
wll also cause an additional pressure, but it is not a surcharge |oad.

Exanpl es of surcharge | oads are spoil enbanknents adjacent to the
trench, streets or highways, construction machinery or materi al
stockpil es, adjacent buildings or structures, and railroads.

A soil surcharge load 4" or |ess
[TT] I%A in height will not need to be con-

,' sidered if the load is positioned
/ to the right of the assuned*
A . failure plane as shown. Wth
H “‘\y hi gher, irregular, or sloping em
/ bankments it will be necessary to
/ ' consider all |oads acting on
/ wedges used in the Trial Wedge
y anal ysi s.

MINTMUM CONSTRUCTION SURCHARGE

This surcharge load results in a
uniformlateral pressure of 72
psf. It shall be used when making
an engi neering analysis of all
types of shoring systems. This
surcharge is intended to provide
for the normal construction |oads
I nposed by small vehicles, equip-
ment, or nmaterials, and worknen
on the area adjacent to the trench
or excavation. It should be added
to all basic earth pressure
di agranms. Thi sm ni num surchar ge
can be conpared to a soil having
72 psf parameters of "y : =109 pcf and K,
= 0.33 for a depth of 2 feet
[(0.33)(109)(2) = 72 psf]

Surcharge |oads which produce lateral pressures greater than 72 psf
woul d be used in lieu of the prescribed m ni num
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CALIFORNIA TRENCHING AND SHORING MANUAL

SURFACE LOADS

Any nunber of surcharge |oads can be added to the soil pressure diagram
as long as they are analyzed by a proper and proven method. The
Boussinesq Strip is one such nmethod and can be used for all surface
surcharge | oads (unless the load is treated as a soil enbanknent).

Boussinesq Strip Method: oy, = 2Q[fR - (sin B) (cos 2a)]/x

_ F&—- a -—%ﬂ a = width of surcharge strip

MEEEEEEENR

Op is the intensity of lateral
pressure at distance h below
top of the excavation (psf).
Br is in radians.

Br = B(x/180)
Q is the surface load (psf).
Note: When the surface load
starts at the edge of the

excavation:

B = 2a

Pay attention to signs; cosines
of angles greater than 90° are
negative.

In absence of soil data, the soil failure plane angle (%) may be
assumed as 35° for level surface conditions only.

There are fornulas for line and point |oad surcharges. See the USS

Steel Sheet Piling Design Manual. The strip fornula can be used sat-
isfactorily for nobst situations.
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BOUSSI NESQ STRI P FORMULA

SURCHARGES

FIGURE 18

op = [2Q/7] [Br = (sin ) (cos 2a)]
When L, =0, B = 2a

Two calculator programs and an
extensive table are available at
the end of this section for
determining 1lateral pressures
due to surcharge.

SAMPLE PROBLEM NO. 4 - BOUSSINESQO STRIP METHOD

G e
L L,

— 8.87'—>|
Q

ERERRRRERR

77’&“\_".

BASIC SOIIL PRESSURE:

T\

LL—

LPA%

Kw = 35 pcf
Q = 840 pst
Ll =0

Lz = a = 8»87'

. Assume for this example that the. systen is

a strutted trench.

Pp = 0.8KwH = (0.8) (35) (16) = 448 psf
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CALI FORNI A° TRENCHI NG AND SHORI NG MANUAL

SURCHARE PRESSURES:

03 o, ‘arctan(8.87/3.2) = 70.16° = 1.224 Radians = fg -
sin § = 0.941 cos 2a = cos B = 0.339
03_.5 = [(2)(840)/m)[1.224 ~ (0.941) (0.339)] = 484 psf

Og arctan(8.87/8) = 47.95° = 0.837 Radians = fig
sin 8 = 0.743 cos 2a = cos B = 0.670
Og = [(2)(840)/7][0.837 = (0.743)(0.670)] = 182 psf

015.g arctan(8.87/12.8) = 34.72° = 0.606 Radians = f
sin 8 = 0.570 cos 2a = cos B = 0.822
015.8 = [(2)(840) /7] [0.606 - (0.570) (0.822)] = 74 psf

01 arctan(8.87/16) = 29.00° = 0.506 Radians = fg

sin 8 = 0.485 cos 2a = cos 8 = 0.875
016 = [(2)(840)/7])[0.506 - (0.485) (0.875)] = 44 psf

SUMMARY OF I.ATERAI PRESSURES:

o - - 840
3.2 — 484
8 — 448 182
12.8— 74
16 — 44
72 min.
SOIL SURCHARGE COMBINED
PRESSURE PRESSURE PRESSURE

This method gives consistent and acceptable results. Other surcharge
loads may then be added (Q5, Q3,-...) to the coml?ined diagram to use
for design or analysis as was done above.
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SURCHARGES

SAMPLE PROBLEM NO. S -~ BOUSSINESQO STRIP LOAD (FATLURE WEDGE)

— 3¢ |< 20"

BUILDING

Building surcharge Q = 800 psf

Soil: Gravel/sand mix
14! .
If soil parameters are not given
then assume ¢ = 20°, y = 115 pcf

¥ = 45° - 20°/2 = 35°

(14) (tan 35°) = 9.8!

DETERMINE BOUSSINESQ STRIP LOAD pressures for 2 conditions:*
1.) Limit surcharge to failure wedge width (9.8').

2.) Compute value for full width of building surcharge load.

Depth to pressure Pressure for Pressure for
lane eet condition 1 (psf) condition 2 (psf)

0.1 24 < 72 30 < 72
1.0 - 213 . 272

2.0 332 446

4.0 341 543

6.0 261 513

8.0 187 456
10.0 132 397
12.0 94 . 341
14.0 69 < 72 - 292

CONDI TION 2 CONTROLS

Bui | ding, H ghway and simlar surcharge |oadings cannot be limted
to the wdth of the soil failure wedge.

*Note: Soil pressures would be the same for both conditions.
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UNIFORM SURCHARGE

A very-wi de uniformload causes an equal &rease in pressure at all
depths. This is represented by a rectangular pressure diagram

COMBINED DIAGRAMS

Q Flexible System Restrained System
1? ]r ' ~
H 4 H H

oo

3 Pg ke Py 3] 3 Pl pay

Ps = KaQ
Pp = K yH

Note that the K; value for the level surcharge will be the same
as for the basic soil.

For the restrained system shown above:

SAMPLE PROBLEM NO. 6 -~ UNIFORM SURCHARGE
GIVEN: Restrained system
Depth of trench (H) = 12"
Soil unit weight (y;) = 110 pcf
Ky = 0.36

Surcharge load consists of a uniform stockpile of materials which
weigh 195 pcf, and the stockpile ‘height is 4 feet.

SOLUTION: Yo = 195 pcf Q = (195) (4) = 780 psf

Pg = KuQ = (0.36) (780)
Pp = (0.36) (110) (12)

Convert to trapezoid pressure diagram P, = (0.8)(475) = 380 psf.

281 psf > 72 min
475 psft
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SURCHARGES

UNIFORM SURCHARGE — EQUIVALENT HEIGHT
A uniformload can also be represented by an equivalent height of soil.

The height of the original excavation is increased by an amount equa
to the surcharge pressure divided by the density of the soil

Equivalent Height Standard Trapezoid

Hl

~ [~
_—

k‘ PA'ﬁﬂ kF' Paz1 —

SAMPLE PROBLEM NO. 7 = EOUIVALENT HEIGHT

GIVEN: (same as previous example)

H= 12"
y = 110 pcf
K, = 0.36
SOLUTION: Hg = Q/y = 780/110 = 7.1'

H+ Hg = 12 + 7.1 = 19.1"

KyH' = (0.36) (110) (19.1) = 756 psf

o
oo

Convert to trapezoid distribution:
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EMBANKMENT SURCHARGE

A recurring shoring probleminvol ves embankments, spoil piles, or
surcharge loads adjacent to the excavations which nust be considered
in the shoring design.

SLOPING EMBANKMENTS:

Conventional analysis (Rankine, Coulonb, or Log-Spiral) should be
used for slopes with angles equal to or less than the soil interna
friction angl e(¢)
,c D AB = Htan ¢
I

I CD = (H + h)tan ¢
J% B h = CcDtan 8

A B

(H + h)ytan ¥y = h/tan

A
S

h/H = (tan ¥)(tan f)/{1- (tan 9) (tan f)}

H 14
Area ABD = (h) (AB)/2
Y = 45° - ¢/2 (or = 35° if ¢ not known)
[Theoretically for level surfaces only!]

IRREGULAR EMBANKMENTS:

[rregul ar embanknent slopes cannot rationally be converted to the
conventional slope anal ysis nethod depicted above. I|rregular
embankment sl oping conditions should be analyzed by the Trial Wdge

net hod.

1 1 1 1 1

S ] | 1  § 1 ) 1 1
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SURCHARGES

TRI AL WEDGE

The trial Wedge Method is sem -graphical. It is applicable to
irregular slopes and varying soil strata.

Known:

¢ = 25°

Y= 120 pcf
Y,= 110 pcf
H = 20!

d = 15°

C =20

"WEDGE WEIGHT CALCULATIONS:

o
ABC AGJ = (110)(5.0) (12.0)/2 = 3,300

£ GBC = (120)(5.3)(14.6)/2 = 4,643

O\ : GCJ = (120)(3.8) (14.6)/2 = _3,329

S -‘i < : 11,272
—c) ACD AJK = (110)(6.0)(12.0)/2 = 3,960

JCD = (120) (6.2) (22.1)/2 = 8,221

JDK = (120)(3.5)(22.1)/2 = _4,641

| 16,822

ADE AKL = (110)(2.0)(12.0)/2 = 1,320

KDE = (120)(2.3)(27.9)/2 = 3,850

F KEL = (120)(1.3)(27.9)/2 = _2,176

7,346

AEF ALM = (110)(4.0)(12.0)/2 = 2,640

Y LEF = (120)(5.0) (37.9)/2 = 11,370
NOT TO SCALE ' LFM = (120)(2.1)(37.9)/2 = _4,775
18,785

TOTAL: 54,225

ST = P (Total resultant force on system: scales = 11,000 Lb
P, (Horizontal conponent) = (11,000 (cos 15° = 10,625 Lb
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PROCEDURE FOR TRI AL WEDGE SOLUTI ON

10.

11.

12.

13.

14.

15.

Plot wall and soil profile (ABCDEF).

Draw AX perpendicular to back of the wall or system
Draw AY verti cal.

Draw an arc from AO to AP (any convenient radius).

Draw rays through break points arid any selected internediate
points (AB, AC, etc) to intersect arc drawn in 4.

Comput e the individual wedge weights (sea previous sheet).

Plot, at a convenient scale, the accunulative wedge wei ghts on
AY, down from A (Lb),

Draw AZ at angle ¢, from AX

From AZ, draw rays duplicating those drawn in 5 (AB, AC, etc).
The arc distances from AO to each ray is equal to the arc
di stances from AZ to each duplicate ray.

Draw lines at an angle equal to 6 fromthe wedge wei ght points
along AY to their respective rays drawn in 9.

Plot a curve intersecting the points from 10.

Establish a point of tangency "T" (with a line parallel to line
AY) to that portion or the curve furthernost fromline AY.

Establish point "S" by sketching a line from point "T", parallel
to the lines delineated in step 10. Measure between points S
and T, using the sane scale used to plot wedge weights, to get
the resultant force acting on the shoring at the angle 6.

To resolve ST tb_ it's horizontal component (P;), multiply ST by
the cos 8. The total resultant force may be depicted as a
force arrow acting on a pressure triangle at 1/3 the height of
the vertical excavation. P, then equals 2P,/H.

Resolve to the appropriate pressure diagram which will be
dependent upon soil and system type.
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SURCHARGES

COVPARI SON OF TEE VARI QUS NMETHODS
USED | N DETERM NI NG LATERAL SO L PRESSURES

The following example problems demonstrate differences in methods
used to compute soil pressure. The same shoring configuration and the
maximum embankment slope angle B (f=¢) allowed for in the Coulomb,
Rankine, and Log-Spiral methods is used in all cases.

A summary of results follows the example problems.

BASIC CRITERIA FOR ALIL PROBLEMS:
B=¢ =3

Friction angle 0 = 0

H = 14"

Y = 130 pcf

Assume cantilever system
Wall angle, o = 0

METHODS TO BE ANALYZED: N

Rankine
Coulomb .
Log-Spiral 4 h
Trial Wedge

Use approximation '
for the angle ¥. . % A B

45° - ¢/2 ¥
45° - 17° = 28°

14(tan 28°) = 7.44"' H

#

(14 + h) (tan 28°) = h/(tan 34°)

* h = 7.83"
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RANKINE

- cos B - .[cos? B --cosz~¢]1/3__
Fa cosﬂ'[:cos B + [cos? B - cos? ¢]11/2

= cosf[1.0] = .0.82904 P
P, = KyH(cosf) = (0.82904) (130) (14) (cos '34°)

= 1251 psf

Total Lateral Pressure (P)

. - PA’J
KoYHZ2/2

(0.82904) (130) (14)2/2 = 10,562 Lb
(acting at angle B from the horizontal)

COULOMB
cosz¢

: 2
cosd [: 1+ (sin(¢ + &)) (sin(® - B)) :}

K, =

(cos d) (cos B)

cos2¢[1.0] = 0.6873

Pp = KayH = (0.6873) (130) (14)
= 1251 psf
Total Lateral Pressure (P) = Kayl-Iz/z e— Pa —

= (0.6873) (130) (14)2/2 = 8,756 Lb
(acting at angle 0 from the horizontal)

LOG-SPIRAL

Select K, from FIGURE 8
For B/¢ = 1.0 and 6 = 0 K, = 0.78

Pp = KgyH = (0.78) (130) (14) = 1,420 psf

2 k— Py —
Total Lateral Pressure (P) = K yH¢/2 :
= (0.78) (130) (14)2/2 = 9,937 Ib
(acting at angle 6 from the horizontal)
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TRIAL WEDGE _ J

WEDGE WEIGHTS:

OAB = (130) (15.7) (2.0)/2 = 2,041

OBC = (130) (18.0) (2.1)/2. = 2,457

OCD = (130) (21.4) (2.3)/2 = 3,199

ODE = (130) (26.2)(2.5)/2 = 4,258

OEF = (130)(33.1)(2.6)/2 = 5,594

s OFG = (130) (43.7)(3.0)/2 = 8,522
| OGH = (130) (60.7) (3.3)/2 = 13,020
OHI = (130)(73.8)(2.1)/2 = 10,074

OIJ = (130)(92.5)(2.4)/2 = 14,430

ST = TOTAL LATERAL PRESSURE (P) = 8,000 Ib

(acting at angle 0 from the horizontal)
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SUMVARY OF RESULTS - UNI FORM SLOPI NG EVBANKIVENT

Method Total lateral Horizontal
: Pressure (Ib)* Pressure (ILb)*
Rankine 10,562 ' 8,756
Coulomb 8,756 8,756
Log-Spiral 9,937 9,937
Trial Wedge 8,000 8,000

* Minimum construction surcharge of 72 psf is not included

Theoretically the wedge analysis should give the.same answer as the
Coulomb Method provided f<¢ , C =0, and 6 = 0. '

NOTE: The Log-Spiral method is considered to be the most theoreti-
cally correct.
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| RREGULAR SLOPED SURCHARGE

As previously stated,

SURCHARGES

the only rational
irregul ar sloped enbanknents is by the Tria

solution for treating
Wedge method. O hernmeans

have been enployed, but as the follow ng pages show they are incorrect

and shoul d be avoi ded.

EXAMPLE 11:

3.61' 4.75!

3.25'

7.44"

14"

" EQUIVALENT SLOPE

area = (AB) (h)/2

h (

CD (h + Hytan ¢ =
tan 8 = h/CD = 0.67
- ﬂ 34° ’ ﬂ/¢
From FIGURE 8, K
= (Ky) (¥) (H)? /2
(0.78) (130) (14)2/2

9,937 Lb/LF

= 0.78

P

A:ea above AB:

¢
Y
0
¢
L4
AB

34°

130 pcf

0

(0]

tan(45° - ¢/2) = 28°

(14) (tan 28°) = 7.44"

(11.61 + 8) (4)/2 + (3.25)(3.83)/2

- (11.61 - 7.44) (7.83)/2
= 29.1 Ft2/LF

2) (29.1)/7.44 = 7.83"
11.61"

EQUIVALENT SOIL

7rjéj 7.44 F‘

Hg

il

H

L

area/7.44
H + Hs =
17.91'
tan? (45° - ¢/2)
(Ky) () (H')2/2
(0.28) (130) (17. 92) /2
5,838 Ib/LF

3.91!
14 + 3.91

0.28



CALIFORNIA TRENCHING AND SHORING MANUAL

TRIAL WEDGE

B c ¢ = 34°
y = 130 PCF
0 =0
" ¢ =9
Y = tan(45° - ¢/2) = 28°
14"
tan WEDGE WEIGHTS:
OAB = (130)(25.1 Ft2) = 3,263
OBC = (130) (42.8 Ft2) = 5,564
W\ OCD = (130) (20.8 Ft2) = 2,704
s wki ODE = (130)(31.0 Ft2) = 4,030
’ OEF = (130) (27.0 Ft2) = 3,510
: 5 OFG = (130) (25.0 Ft2) = 3,250
ST = TOTAL LATERAL PRESSURE (P) = 6,500 Lb
(acting at angle 0 from the horizontal)

Y

NOT TO SCALE
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EXAMPLE 2:

ety ﬁ/—

9'

T
N
L]

NO

35°

110 pcf

0

0

tan(45° - ¢/2) = 27.5°

¢
14
0
c
L
AB

(10) (tan 27.5° = 5,21

10!

Area above AB: (2)(2)/2 + (2)(2) + (3.29)(4)
- (2)(2)/2 = (7.29 - 5.21)(4)/2

= 13.0 Ft2/LF
v
EQUIVALENT SLOPE - EQUIVALENT SOIL
i D 5.21
c B - Icﬂ [
: 7

B Hs

A

F———— m-————éﬁ—-ﬁ-—é'
L+
7
—

area = (AB) (h)/2 Hg

= area/5.21 = 2.49"
h = (2)(13.0)/5.21 = 4,99 H' = H + Hg = 10 + 2.49
CD = (h + Hytan ¥ = 7.80" = 12.49'
tan 8 = h/CD = 0.64 K, = tan? (45° - ¢/2) = 0.27
<~ B =32.6° B/p = 0.93 P = (Ka)(Y)ﬂi) /2
rom FIGURE 8, K,= 0.62 = (0.27) (110) (12.49)2/2

F
P = (Ka)(Y)(H)zlz 2,317 Lb/LF
P = (0.62)(110)(10)2/2

3,410 Lb/LF
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TRIAL WEDGE

N _F,
E _
¢ = 35°
c ) y = 110 pcf
B 0 =0
A cC =0
7|r ¥ = tan(45° - ¢/2) = 27.5°

AB= (10) (tan 27.5°) = 5.21'

>L-o , X

tan
|

‘ WEDGE WEIGHTS:
: OAB = (110) (12.40 Ft2) = 1,364
S b , o OBC = (110) (14.93 Ft2) = 1,642
OCD = (110) (19.67 Ft2) = 2,164
ODE = (110) (26.60 Ft2) = 2,926
OEF = (110) (36.40 Ft2) = 4,004
ﬁ ST = TOTAL LATERAL PRESSURE (P) = 2,500 Lb
(acting at angle 0 from the horizontal)

Y

NOT TO SCALE
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UMMARY OF RESULTS

SURCHARGES

Trial Wedge Equivalent % difference
Slope
6,500 9,937 52.9
2,500 3,410 36.4
Trial Wedge Equivalent % difference
Soil
6,500 5,838 -10.2
2,500 2,317 -7.3
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CONSTANT SLOPE COMPARISON

In determining -lateral earth pressures for embanknents wth a con-

stant slope the Log-Spiralnethod is the easiest and nost preferred.
solution. The table on the follow ng page conpares the Log-Spiral

met hod and two of the nore common "shortcut” solutions. Fromthis

table it can be seen that the difference between these nethods and

the nore theoretically correct solution (Log-Spiral) can be quite
| arge depending on the paraneters used.

As the ratio between the enbanknent slope angle (8) and the soi

internal friction angle (@) . increases, so does the difference between
the various methods. Wien this ratio approaches 0.8, the difference
becomes significant. For all practicality when the ratio is 0.6 or
|l ess, the slope condition can be treated as a level surface as shown
bel ow and by the conparison table on page 6-21. This |eaves only a
smal | range where these "shortcut " nethods are of any value. Since
this is not very practical and as the Log-Spiral nethod is quite easy
to enploy, these other nethods will not be used for analysis or review.

For all three conditions, y = 100 pcf, d = 0, and C = 0.

LOG-SPIRAL
K, for sloping surface
Tr_ (FIGURE 8)
10°'
lg_ v P = K,yH?/2
EMB E CO TED TO A LEV SURFA
TR
ST—- - K, for level surface
H! |

P = Ky¥(H')2/2
Ll

EMBANKME CONVERTED TO A UNIFO SURCHARGE
QI TTIIIT "

T e Ky for level surface

10" Py = KaQ
! P, = KyyH?/2
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CONSTANT SLOPE EMBANKMVENT

COMPARISON TABLE

¢ = 10°
Log=-Spiral
Conv. to H!
Uniform Q

¢ = 16°
Log-Spiral
Conv. to H'
Uniform Q

¢ = 20°
Log-Spiral
Conv. to H!'
Uniform Q

¢ = 26°
Log-Spiral
Conv. to H!
Uniform Q

¢ = 30°
Log-Spiral
Conv. to H!
Uniform Q

¢ = 35°
Log-Spiral
Conv. to H'
Uniform Q

¢ = 40°
Log-Spiral
Conv. to H!
Uniform Q

¢ = 45°
Log-Spiral
Conv. to H'
Uniform Q

B/ =0.4 | B/p =0.6 |B/¢p = 0.8 |B/p =1.0
3,700 4,000 4,300 5,500
3,742 3,869 4,007 4,158
3,739 3,861 3,991 4,131
3,150 3,400 3,750 5,250
3,108 3,270 3,457 3,677
3,102 3,255 3,427 3,623
2,750 3,000 3,350 4,950
2,725 2,897 3,104 3,360
2,718 2,879 3,065 3,288
2,250 2,500 2,850 4,500
2,211 2,384 2,604 2,899
2,203 2,362 2,557 2,805
1,850 2,150 2,500 4,300
1,908 2,074 2,293 2,604
1,900 2,052 2,244 2,500
1,600 1,750 2,150 3,800
1,559 1,707 1,916 2,235
1,551 1,687 1,867 2,124
1,250 1,400 1,700 3,350
1,259 1,388 1,577 1,895
1,252 1,369 1,531 1,782
1,000 1,100 1,375 2,900

999 1,105 1,270 1,575
- 994 1,090 1,230 1,468

6- 21




CALI FORNI A° TRENCHI NG AND SHORI NG MANUAL

TRAFFIC LOADS

Traffic near an excavation is one of the nore commonly occurring
surcharge loads. Trying to analyze every possible scenario woul d not
only be time consum ng but not very practical. For nornal situations.

a surcharge |l oad of 300 psf spreadover the width of the traveled way
shoul d be sufficient.

The following exanpl e conpares the pressure diagrams for a HS20 truck
(using point loads) centered in a 12' lane to a load of Q = 300 psf
(using the Boussinesq Strip method). The depth of excavation is 10'.

HS20 TRUCK

For a detailed explanation
on point loads see the
USS Steel Sheet Piling
Design Manual (pg 15).

rear axle
0.0 ml = (12/10) = 102
14!
X2 = m2H
“ my = (6/10) = 0.6
n = depth/H A X B
Depth n
2! 0.2 14!
4" 0.4
6' 0.6
8! 0.8 —
10°' 1.0 front axle
) 2,2
. . men
For line AB, Oyx = 1.77 % ( ) (for m > 0.4)

H2 (m2 + n2)3
For loads at an angle to AB, og' = GHcosz(l.lo)

Front and rear rt wheels: 0 = 66.8°, .. cos2[(1.1)(66.8°]
Front and rear 1t wheels: 0' = 49.4°, .. cos2[(1.1) (49.4°)] = 0.34

]
o
L]
o
©

1.) Rt rear wheels:
oy = (0.08) (1.77) (16,000) (0.62) (n2) /[102(0.62 + n2)3]
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SURCHARGES
2.) Lt rear wheels: . : : ,
og = (0.34) (1.77) (16,000) (1.22) (n2) /[102(1.22 + n?)3]

3.) Rt center wheels:
oy = (1.77) (16,000) (0.62) (n?) /[102(0.62 + n?)3)

4.) Lt center wheels:
og = (1.77)(16,000) (1.22) (n2) /[102(1.22 + n?)3)

5.) Rt front wheels: ‘
oy = (0.08) (1.77) (4,000) (0.62) (n2) /[102(0.62 + n2)3]

6.) Lt front wheels:
oy = (0.34) (1.77) (4,000) (1.22) (n2) /[102(1.22 + n2)3)

Combine and simplify similar equations:

(112.2) (n%)/(0.36 + n2)3
(581.1) (n2)/(1.44 + n?)3

ao) GH
bc) aH

Depth n a.) oy - b.) oy Zoy
o! 0.0 0.0 0.0 0.0
2! 0.2 70.1 7.2 77.3
4" 0.4 127.7 ‘ 22.7 150.4
6! 0.6 - 108.2 35.9 144.1
8! 0.8 71.8 41.3 113.1
10! 1.0 44.6 40.0 84.6

HS20 Truck | 12' strip

(point loading without impact) (Q = 300 psf)
.0
77.3
150.4
144.1
113.1
84.6

CONCLUSION: Strip load of Q = 300 psf conpares favorably to a point
| oad eval uation for HS20 truck | oadings.
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

SAMPLE PROBLEM NO 8 - SURCHARGE LOADS

e _ —e 38!-
~ 14" 3
A.C. Pavement
SURCHARGE

11
| EEEL e |

\-K Rail Q = 200 psf

Given: Kw = 35 pcf .
No soil data given: Use ¢ = 20°

P = 45° - /2 = 35°

Surcharge Lateral Pressures (psf)

Depth Q = 100 Q = 200 Q = 300 Sunm
0.1 1.9 0.3 1.7 72%
1 17.9 3.0 17.1 72%
2 30.2 5.8 33.8 72%
4 35.7 10.1 63.7 109.5
6 29.5 12.3 87.1 128.9
8 21.9 12.7 130.3 164.9
10 15.9 11.9 112.6 140.4
12 11.5 10.5 116.4 138.4
14 8.5 9.0 116.1 133.6
16 6.3 7.6 112.9 126.8

* M ni mum construction surcharge |oad.

Add soil pressures to sum of surcharge loads to derive conbined
pressure diagram
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SURCHARGES

ALTERNATI VE SURCHARGE LOADI NG

An acceptable alternative to the Boussinesq analysis consists of

i nposi ng i magi nary surcharges behind the shoring such that the
resulting pressure diagramis a rectangle extending to the conputed
depth of the shoring menbers and of a uniformw dth of 100 psf.

This 100 psf loading is analogous to the 72 psf pressure diagram
used for m ni num surcharge | oading.

CGenerally, traffic and equi pment surcharge | oads beyond the limts
of an inclined plane rising at an angle of 1.0 horizontal to 1.0
vertical fromthe bottom of the excavation may be ignored. O her

| oadi ngs due to structures, or stockpiles of soil, materials or
heavy equipment will need to be considered separately.

100 psf 72 psf

SHORING WITH TRAFFIC. SHORING WITHOUT TRAFFIC
Shoring without traffic,

structures or stockpiles.
Minimum Surcharge
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CALI FORNI A TRENCH NG AND SHORI NG MANUAL

RAILROAD SURCHARGES

Rai | roads adjacent to an excavation will result in very large
surcharge pressures, and since railroad | oadings are consideredto
be a dynamc load, the short term|oad duration overstress factor of
1.33 cannot be used, Note also that wall friction (6) is not allowed
for basic earth pressure conputations.

The Anerican Railway Engineering Association (AREA) specifies the use
of a Boussinesq Fornula for a railroad surcharge. The Southern Pacific
Transportation Conpany (SPTC) concluded that values given by the AREA
Boussi nesq Formula were not realistic, (the maxinum pressure was too
hi gh and occurred to on near the ground surface) so they devel oped their
own live load surcharge earth pressure curve. The pressures from the
SPTC curve are about half those given by the AREA Boussinesq curve.

The SPTC curve is a part of the SPTC Supplement to Section 20a of the
AREA specifications (See Appendix C). The SPTC curve, for Cooper E72
and E80 railroad | oadings, is shown on the next page.

The SPTC Live Load Surcharge curve is to be used for all railroads.
Note that all major railroads now require E80 design

For a sinplified engineering analysis (H < 10"), the railroad |oading
surcharge pressure may be assuned rectangular with an ordinate (Fs)
equal to 0.8 of the maxi mum pressure ordinate as given by the
appropriate railroad curve. Wwen using the railroad Iive load curves,
the plot of the curve starts at the top of the railroad roadbed (bottom
of ties), The portion that is used extends fromthe top of the
excavation to the bottom of the shoring system Depth of ballast may
normal |y be assuned to be 1.5 feet.

Pressure Diagram

D
T T
‘75/\\/ \\\/}\/
72 psf min.
Q surcharge
of excavation
I . Portion usad as
<— surcharge load
Member on system
Height
B A
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CHART 3.6 LATFRAL PRESSURE FOR COOPER RAILROAD LIVE LOAD

¢

—x—

I

For X < 8’6" only. Use table in Addendum
No. 1 to Chart 3.6. See Appendix C for
Addendum No. 1.

X = Distance from centerline of
RR to face of excavation.

Py, = Lateral pressure from chart below.

NOTES:

1. A minimum of 72 psf lateral
pressure must be used as
specified in 3.4 (equiva-
lent to 2’/ of earth).

2. For each additional depth
increase of X, decrease

El k intensity of the pressure
Pn/4 by 50%. A

><—>r—><—>|e—>¢—>'e—><-—>'

VAANYZAN

I

3

See Addendum No. 1
(:‘to Chart 3.6, Appendix C

L 500 \
v
L 400 .
P : N COOPER ES0
21— 300 N o
(psf) Nd‘\«\ |
200 . s R
\\
L 100
1 72
5 10 18 20 28 30
X (Ft)
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SURCHARGES

TABULAR VALUES FOR STRI P L OADS

The follow ng- tabular values nay be used to obtain horizontal
pressures due to surcharge |oadings.

Tabul ar values are for a Boussinesq strip surcharge of Q = 300 psf
for a length of surcharge beginning at the face of the excavation (L,)
to the end of the strip load (L,). Surcharge pressures are listed for
one foot increments of excavation to a depth of 20 feet.

. Q = 300 psf .
ﬁ\ 77/ \\//7/\ ZN\\/\\\

o \

For surcharges not beginning at the face of the excavation (L;
subtract tabular values for distance L; fromthe tabular values for
L,. Prorate other Q values by using the ratio Q300 (difference in
L val ues).

Note: Wien L, = 0, the pressure at h = 0is Q (300 psf).
EXAMPLE

Begi n Boussinesq strip load 6 feet fromexcavation, L; = 6
End Boussinesq strip |oad 20 feet fromexcavation, L, = 20
Surcharge load Q = 250 psf

Determ ne surcharge pressure at h = 12

012 = 250/300(112.53 - 12.16) = 83.6 psf
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10

11

12

13

14

15

16

17

18

19

20

SURCHARGES

PRESSURE AT DEPTH h FOR UNI FORM LOADI NGS FROM L, TO L; OR L,

1 2

3 4 5 6 7 8
54.51 135.06 181.25 208.27 225.57 237.49 246.16 252.74
12.16 54.51 99.55 135.06 161.47 181.25 196.40 208.27
4.15 24.15 54.51 85.43 112.53 135.06 153.52 168.69
1.85 12.16 31.23 54.51 77.97 99.55 118.58 135.06
0.97 6.81 18.95 35.70 54.51 73.39 91.21 107.48
0.57  4.15 12.16 24.15 38.76 54.51 70.29  85.43
0.36 2.70 8.18 16.88 28.13 40.97 54.51 68.07
0.24 1.85  5.73 12.16 20.85 31.23 42.64 54.51
0.17 1.32  4.15  8.99 15.77 - 24.15 33.70 43.94
0.13  0.97  3.10  6.81 12.16 18.95 26.92 35.70
0.09 0.74  2.37 5.27 9.53 15.08 21.73 29.24
0.07 0.57 1.85  4.15 7.59 12.16 17.73 24.15
0.06 0.45  1.47  3.33  6.13  9.92 14.61 20.11
0.05 0.36 1.19 2.70 5.02  8.18 12.16 16.88
0.04 0.30  0.97 2.22 4.15  6.81 10.20 14.27
0.03 0.24 0.81  1.85 3.47 5.73  8.63 12.16
0.03 0.20 0.67 1.55 2.93  4.86  7.36 10.42
0.02 0.17 0.57 1.32 2.50 4.15 6.32  8.99
0.02 0.15  0.49  1.13  2.14 3.58 5.46  7.81
0.02 0.13  0.42 0.97 1.85  3.10 4.75  6.81
TABLE 18

6- 29



10

11

12

13

14

15

16

17

18

19

20

CALI FORNI A° TRENCHI NG AND SHORI NG MANUAL

PRESSURE AT DEPTH h FOR UNI FORM LOADI NGS FROM L, TO L, or L,

15

9 10 11 12 13 14 16
257.90 262.06 265.47 268.32 270.73 272.81 274.61 276.19
217.79 225.57 232.04 237.49 242.14 246.16 249.66 252.74
181.25 191.77 200.67 208.27 214.84 220.56 225.57 230.01
149.24 161.47 172.05 181.25 189.31 196.31 202.68 208.27
122.07 135.06 146.57 156.79 165.88 173.99 181.25 187.78

99.55 112.55 124.34 135.06 144.75 153.52 161.47 168.69
81.20 93.63 105.26 116.02 125.94 135.06 143.42 151.10
66.39 77.97 89.06 99.55 109.39 118.58 127.12 135.06
54.51 65.08 75.43 85.43 94.97 104.01 112.53 120.53
44.99 $54.51 64.03 73.39 82.§7 91.21 99.55 107.48
57.36 45.85 54.51 63.17 71.70 80.03 88.08 95.81
31.23 38.76 46.57 54.51 62.45 70.29 77.97 85.43
26.27 32.93 39.95 47.18 54.51 61.84 69.10 76.22
22.24 28.13 34.41 40.97 47.70 54.51 61.32 68.07
18.95 24.15 29.77 35.70 41.86 48.15 54.51 60.86
16.25 20.85 25.87 31.23 36.84 42.64 48.55 54.51
14.02 18.09 22.58 27.41 32.53 37.85 43.33 48.90
12.16 15.77 19.79 24.15 28.81 33.70 38.76 43.94
10.60 13.81 17.42 21.36 25.59 30.07 34.75 39.57

9.29 12.16 15.39 18.95 22.81 26.92 31.23 35.70

TABLE 18
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11

12

13

14

15

16

17

18

19

20

PRESSURE AT DEPTH h FCR

17’

18

SURCHARGES

UNI FORM LOADI NGS FROM L, TO L; or L,

23

6- 31

19 20 21" 22 24

277.58 278.82 279.93 280.93 281.84 282.66 283.41 284.10
255.47 257.90 260.09 262.06 263.84 265.47 266.95 268.32
233.95 237.49 240.67 243.55 246.16 248.55 250.73 252.74
213.28 217.79 221.87 225.57 228.95 232.04 234.87 237.49
193.67 199.00 203.85 208.27 212.33 216.05 219.47 222.64
175.26 181.25 186.74 191.77 196.40 200.67 204.62 208.27
158.16 164.65 170.63 176.15 181.25 185.98 190.38 194.46
142.42 149.24 155.58 161.47 166.95 172.05 176.81 181.25
1128.03 135.06 141.62 147.77 153.52 158.91 163.95 168.69
114.98 122.07 128.76 135.06 - 140.99 146.57 151.84 156.79
103.21 110.26 116.96 123.32 129.35 135.06 140.46 145.58
92.63  99.55 106.19 112.53 118.58 124.34 129.83 135.06
83.16 89.89 96.39 102.65 108.66 114.42 119.94 125.21
74.70 81.20 87.51 93.63. 99.55 105.26 110.75 116.02
67.17 73.39 79.48 85.43 91.21 96.82 102.24 107.48
60.47 66.39 72.23 77.97 83.59 89.06 94.39 99.55
54.51 so.lé 65.69 71.21 76.63 81.95 87.15 92.21
49.21 54.51 59.81 65.08 70.29 75.43 80.48 85.43

' 44.50 49.49 54.51 59.53 64.52 69.47 74.36 79.16
40.30 44.99 49.74 54.51 59.28 64.03 68.74 73.39

TABLE 18
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11

12

13

14

15

16

17

18

19

20

CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

PRESSURE AT DEPTH h FOR UNI FORM LQADI NGS FROM L, TO L, or L,

26

31

6- 32

25 . 27 28 29 30 32,
284.74 285.32 285.87 286.37 286.84 287.28 287.69 288.07
269.57 270.73 271.81 272.81 273.74 274.61 275.42 276.19
254.60 256.31 257.90 259.38 260.76 262.06 263.26 264.40
239.90 242.14 244.22 246.16 247.97 249.66 251.25 252.74
225.57 228.30 230.83 233.20 235.41 237.49 239.44 241.27
211.67 214.84 217.79 220.56 223.14 225.57 227.86 230.01
198.27 201.83 205.16 208.27 211.20 213.96 216.55 219.00
185.41 189.31 192.96 196.40 199.63 202.68 205.56 208.27
173.14 177.32 181.25 184.96 188.46 191.77 194.§o 197.86
161.47 165.88 170.05 173.99 177.72 181.25 184.60 187.78
150.43 155.03 159.38 . 163.51 167.43 171.15 174.69 178.05
140.02 144.75 149.24 153.52 157.59 161.47 165.17 168.69
130.24 135.06 139.65 144.04 148.23 152.23 156.05 159.70
121.08 125.94 130.60 135.06 139.33 143.42 147.34 151.10
112.53 117.39 122.07 126.57 130.90 135.06 139.05 142.89
104.56 109.39 114.07 118.58 122.93 127.12 131.16 135.06
97.14 101.93 106.57 111.06 115.41 119.62 123.68 127.61
90.26  94.97 99.55 104.01 108.33 112.53 116.59 120.53
83.88 . 88.49 93.00 97.40 101.68 105.85 109.89 113.83
77.97 82.47 86.89 91.21 95.43 99.55 103.57 107.48
TABLE 18



10

11

12

13

14

15

16

17

18

19

20

SURCHARGES

PRESSURE AT DEPTH h FOR UNIFORM

33

- 34

35

36

LOADINGS FROM Lo TO Ly or L,

37

38

39

40

288.43

76.91
265.47
254.15
242.99
232.04
221.31
210.85
200.67
190.80
181.25
172.05
163.20
154.71
146.57
138.80
131.40
124.34

117.64

111.28

288.77

277.58

266.47

255.47

244.62

233.95

'223.50

213.28
203.33
193.67
184.31
175.26
166.54
158.16
150.12
142.42
135.06
128.03
121.35

114.98

289.09
278.22
267.42
256.72
246.16
235.77
225.57
215.60
205.87
196.40
187.21
178.32
169.74
161.47
153.52
145.89
138.5§
131.60
124.94

118.58

289.40

278.82

268.32

257.90

247.62

237.49

227.54

217.79

208.27

199.00

'189.99

181.25

172.80

164.65

156.79

149.24

142.00

135.06

128.42

122.07

TABLE
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289.68
279.39
269.16
259.02
249.00
239.12
229.41
219.88
210.57
201.48
192.64
184.06
175.74
167.70
159.94
152.47
145.29
138.39
131.79
125.46

18

289.95
279.93
269.97
260.09
250.31
240.67
231.18
221.87
212.75
203.85
195.17
186.74
178.55
170.63

162.97

1155.58

148.47

141.62

135.06

128.76

290.21

280.45

270.73

261.10

251.56

242.14

232.87

223.76
214.84
206.11
197.60
189.31
181.25
173.44
165.88
158.58
151.53
144.%5
138.22

131.95

290.45
280.93
271.46
262.06
252.74
243.55
234.48
225.57
216.83
208.27
199.92
191.77
183.85
176.15
168.69
161.47
154.50
147.77
141.29

135.06



10
;1
12
13
14
15
16
17
18
19

20

CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

PRESSURE AT DEPTH h FOR UNI FORM LOADINGS FROM L, TO L, or L,

41 42 43 44 45 - 46 47 .48
290.69 290.51 291.12 291.32 291.51 291.70 291.88 292.04
281.40 281.84 282.26 282.66 283.05 283.41 283.77 284.10
272.15 272.81 273.44 274.04 274.61 275.16 275.68 276.19
262.97 263.84 264.67 265.47 266.22 266.95 267;65 268.32
253.87 254.95 255.98 256.96 257.90 258.80 259.67 260.50
244.88 246.16 247.38 248.55 249.66 250.73 251.76 252.74
236.02. 237.49 238.89 240.23 241.52 242:75 243.94 245.07
227.30 228.95 230.53 232.04 233.49 234.87 236.21 237.49J
218.73 220.56 222.30 223.97 225.57 227.11 228.59 230.01
210.34 212.33 214.22 216.05 217.79 219.47 221.09 222.64
202.14 204.27 206.31 208.27 210.16 211.97 . 213.71 215.39
194.13 196.40 198.58 200.67 202.68 204.62 206.48 208.27
186.33 188.73 191.02 193.24 195.36 197.42 199.39 201.30
178.55 181.25 183.66 185.98 188.22 190.38 192.46 194.46
171.39 173.99 176.50 178.92 181.25 183.51 185.68 187.78
164.26 166.95 16;.55 172.05 i74.47 176.81 179.07 181.25
157.36 160.12 162.80 165.38 167.88 170.29 172.63 174.89
150.69 153.52 156.26 158.§i 161.47 163.95 166.36 168.69
144.26 147.14 149.93 152.64 155.26 157.80 160.27 162.66
138.07 140.99 143.82 146.57 149.24 '151.84 154.35 156.79

TABLE 18
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10
11
12
13
14
15
16
17
18
19

20

PRESSURE

49

AT DEPTH h FOR

50

51

SURCHARGES

UNI FORM LOADI NG FROM L, TO L; or L,

52

53

54

55

56

292.21
284.43
276.67
268.96
261.29
253.69
246.16
238.72
231.37
224.13
217.01
210.01
203.13
196.40
189.81
183.37
177.08
170.95

164.98

159.17

292.36

284.74

277.14

269.57

262.06

254.60

247.21

239.90

232.69

225.57

218.56

211.67

204.91

198.27

191.77

185.41

179.20

173.14

167.23

161.47

292.51
285.04
277.58
270.16
262.79
255.47
248.22
241.04
233.95
226.96
220.07
213.28
206.62
200.08
193.67
187.39

181.25

175.26

169.41

163.71

292.66
285.32
278.01
270.53
263.50
256.31
249.19
242;14
235.18
228.30
221.52
214.84
'208.27_
201.83
195.50
189.31
183.25
177.32
171.53
165.88

TABLE
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292.79

285.60

278.43

271.28

264.18

257.12

250.13

243.20

236.35

229.59

222.91

216.34

209.87

203.52

197.28

191.16

185.18

179.32

173.59

168.00

18

292.93
285.87
278.82
271.81
264.83
257.90
251.03
244.22
237.49
230.83
224.27
217.79
211.42
205.16
199.00
192.96
187.05
181.25
175.59

170.05

293.06
286.12

279.21

272.32

265.47
258.66
251.90
245.21
238.59
232.04
225.57
219.20
212.92
206.74
200.67
194.71
188.86
183.14
177.53

172.05

293.18
286.57
279.58
272.81
266.08
259.38
252.74
246.16
239.64
233.20
226.84
220.56
214.37
208.27
262.28
196.40

190.62

184.96

179.42

173.99



10

11

12

13

14

15

16

17

18

19

20

CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

PRESSURE AT DEPTH h FOR UNI FORM LOADI NGS FROM L, TO L; or L,
.57 58 59 - 60 61 62 63 64
293.30 293.42 293.53 293.63 293.74 293.84 293.94 294.03
286.61 286.84 287.06 287.28 287.49 287.69 287.88 288.07
279.93 280.28 280.61 280.93 281.24 281.55 281.84 282.12
273.28 273.74 274.18 274.61 275.02 275.42 275.81 276.19
266.66 267.23 267.78 268.32 268.83 269.33 269.81 270.28
260.09 260.76 261.42 262.06 262.67 263.26 263.84 264.40
253.56 254.34 255.10 255.84 256.55 257.24. 257.90 258.55
247.08 247.97 248.83 249.66 250.47 251.25 252.01 252.74
240.67 241.66 242.62 243.55 244.45 245.32 246.16 246.98
234.33 235.41 236.47 237.49 238.48 239.44 240.37 241.27
228.06 229.24 230.39 231.49 232.57 233.61 234.63 '235.61
221.87 223.14 224.38 225.57 226.73 227.86 228.95 230.01
'215,77 217.13 218.45 219.72 220.96 222.17 223.34 224.47
209.76 211.20 212.60 213.96 215.27 216.55 217.79 219.00
203.85 205.37 206.84 208.27 209.66 211.01 212.33 213.60
198.04 199.63 261.18 202.68 204.14 205.56 206.93 208.27
192.34 194.00 195.61 197.18 198.70 200.18 201.62 203.03
186.74 188.46 190.14 191.77 193.36 194.90 196.40 197.86
181.25 183.04 184.77 186.46 188.11 189.70 191.26 192.78
175.88 177.72 179.51 181.25 182.95 184.60 186.21 187.78

TABLE 18
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10

11

12

13

14

15

16

17

18

19

20

SURCHARGES

PRESSURE AT DEPTH h For UNI FORM LQOADI NGS FROM L, TO L,

65

66

67

68

69

70

71

or L,

294.12
288.25
282.40
276.55
270.73
264.94
259.18
253.46
247.78
242.14
236.56
231.04
225.57
220.17
214.84
209.58
204.39
199.28

194.25

189.31

294.21

288.43
282.66
276.91
271.17
265.47
255.79
254.15
248.55
242.99
237:49
232.04
226.64
221.31
216.05
210.85
205.72
200.67
195.69

190.80

282.92

277.25
271.60
265.98
260.38
254.82
249.30
243.82
238.39
233.01
227.69
222.42
217.22
212.08
207.01

202.02

197.10

192.25

294 .38

288.77
283.17
277.58
272.01
266.47
260.95
255.47
250.03
244.62
239.26
233.95
228.70
223.50
218.36
213.28
208.27
203.33
198.46

193.67

TABLE
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294.46
288.93
283.41
277.91
272.42
266.95
261.51
256.11
250.73
245.40
240.11
234.87
229.68
224.55
219.47
214.46
209.50
204.62
199.80

195.05

18

294.54
289.09
283.65
278.22
272.81
267.42
262.06

256.72

1251.42

246.16

240.94

235.77

230.64

225.57

220.56

215.60

210.70

205.87

201.10

196.40

294.62
289.25
283.88
278.53
273.19
267.87
262.58
257.32
252.09
246.90
241.75
236.64
231.58
226.57
221.61
216.71
211.87
207.09
202.37

197.72

289.40
284.10
278.82
273.56
268.32
263.10
257.90
252.74
247.62
242.53
237.49
232.49
227.54

222.64
217.79
213.00
208.27
203.61

199.00



10

11

12

13

14

15

16

17

18

19

20

CALI FORNIA TRENCH NG AND SHORI NG MANUAL

PRESSURE AT DEPTH h FOR UNI FORM LOADI NGS FROM L, TO L; or L,

73

74

75

76

78

79 -

80

294.77

289.54

284.32

279.11

273.92

268.75

263.60

258.47

253.38

238.31

233.38

228.48

223.64

218.85

214.11

209.44

204.82

200.26

248.32

243.30

294.84
289.68
284.53
279.39
274.27
269.16
264.08
259.02
254.00
249.00
244.04
239.12
234.24
229,41
224.62
219.88
215.20
210.57
206.00

201.48

294.91

289.82
284.74
279.67
274.61
269.57
264.55
259.56
254.60
249.66
244.77
239.90
235.08
230.30
225.57
220.89
216.25
211.67
207.15

202.68

294.97

289.95-

284.94

279.93

274.94

269.97

265.02

260.09

255.18

‘250.31

245.47
2;0.67
235.90
231.18
226.50
221.87
217.29
212.75
208.27
203.85

TABLE
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295.04
290.08

285.13

280.19

275.27
270.36
265.47
260.60
255.76
250.94
246.16
241.42
236.71
232.04
227.41
222.83
218.29
213.81
209.37
204.99

18

295.10

290.21

.285.32

280.45

275.58
270.73
255ﬁ90
261.10
256.31
251.56
246.83
242.14
237.49
232.87
228.30
223.76
219.28
214.84
210.45

206.11

295.17
290.33
285.51
280.69
275.89
271.10
266.33
261.58
256.86
252.16
247.49
242.85
238.25
233.69
229.16
224.68
220.24
215.85
211.50

207.21

295.23
290.45
285.69
280.93
276.19
271.46
266.75
262.06
257.39
252.74
248.13
243.55
239.00
234.48
230.01
225.57
221.18
216.83
212.53

208.27



SURCHARGES

EXAMPLE OF ALTERNATIVE SURCHARGE AND TABULAR VALUES:

30 >T< 30 ’}
l<— Q' 12
STORAGE
ey HAUL‘ROAD . .
] 50»&3&} ;; T4L EANANS Q = 1000 psf
N Q = 300 psf
——q < TP
20" |p——t /'1
/
===} 1
/
_';=q
- AN

1) Determine surcharge pressures at 5 foot increments of depth
starting at the ground surface.

2) Compare tabular strip load values to the alternative loading.
Sample calculations for depth = 10 feet:

‘At haul road: 0,0 = 140.99 - 44.99 = 96.00 psf I
For building: o, = 1000/{300(237.49 - 181.25)} = 187.47 psf

Building o,, + Road 0y, = 283.47 psf |
Building 0,, + Road @ 100 psf = 287.47 psf

COMBINE SURCHARGES:

Depth Building ¢ Road ¢ Sum of o's Building ¢ + 100 psf

0 0.0 0.0 72.00 min. 100.00
5 102.77 90.26 193.03 202.77
10 187.47 96.00 283.47 287.47
15 244.03 . 72.26 - 316.29 344.03
20 272.33 49.99 322.32 372.33
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CALI FORNI A TRENCH NG AND SHORI NG MANUAL

CALCULATOR PROGRAMS FOR STRIP LOADS

BOUSSINESO STRIP LOAD PROGRAM

FOR HP 41CV

Relationship used:

a + B/2 + (a - B/2) = 2a

a + p/2 - (a -p/2) =B

On = (2Q/7m) (Br - sinfcos2a)

To Initiate Program:

3 ero 0 [

CJLBL BOUSNQ

[ALPHA] h = ? [ALPHA ]
XEQ [ALPHA| PROMPT [ ALPHA |
STO 04

RCL_ 03

CJTaN
STO 05
RCL 02
RCL 04
CJran
STO 06
Oa=
X

180
RCL 05
RCL 06
<+

cos
RCL 05
RCL - 06

SIN
X

6-40

program continued:

To Run Program:

Store Q in 01
Store L, in 02

- Store L, in 03

XEQ BOUSNQ
Calculator indicates h = ?
Enter h value ‘

R/S

For next h:

R/S

Enter h value

R/S

etc.



SURCHARGES

BOUSSI NESQ STRI P OAD PROGRAM
EOR HP 11C

Relationship used:
a+p/2 + (a-B/2) =2a
a+fl2 - (a-p/2) =p

Note that @ never displays.
Also £ & g refer to function keys

on = (2Q/m) (BRr - sinfcos2a) O

To Initiate Program: program continued:

f FIX4 0or 5 RCL 4 ‘ 025 45 4
g DEG + 026 40
ENTER q STO O Cos i 027 24
ENTER L1 STO 1 f PSE (= COS2a)* 028 42 31
ENTER L2 STO 2 RCL 5 029 45 5
g P/R . RCL 4 030 45 4
f CLEAR PRGM - 031 30
f IBL A 001-42,21,11 SIN 032 23
STO 3 ’ 002 44 3 f PSE (= SINB)* 033 42 31
RCL 2 - 003 45 2 X 034 20
004 34 CHS | 035 16
< 005 . 10 o+ | 036 40
g TAN 006 43 25 2 . 037 2
STO 5 007 44 5 X 038 20
ENTER 008 36 -RCL .0 - 039 45 0
RCL 1 009 45 1 X 040 20
RCL 3 010 45 3 f=x 041 42 16
<= 011 10 < 042 - 10
g TAN 012 43 25 g RTN 043 43 32
STO 4 013 4 4 'OFF = ON
- 014 30
£ PSE (= B°)* 015 42 31 * Program will pause and show
ftx 016 42 16 this value.
X 017 20
1 018 1
s 019 8 To Run Program:
i g;g lg (which only runs one h at a time)
£ PSE (= ﬁoR) * 022 42 31 Turn on .(Not in Program Mode)
.- Enter desired h,
ENTER | 023 36 then [£] then A = (x11/2
RCL 5 024 45 5
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